INTRODUCTION
Ir a previous paper (Jones, 1971) , the results from three experiments were considered in relation to the information they provided on the nature of the breeding system in natural populations of Arabidopsis thaliana. Contrary to expectation, these results strongly suggest that some outbreeding occurs in natural populations of this species.
The present paper is concerned with the results of the first of these three experiments and with the information it provides on the distribution of variation between populations, as well as between families within populations. As in the previous paper, six populations are concerned in all, four of which were obtained from disused railway track sites in Warwickshire, and two from garden habitats. In addition to the time of flowering, two further quantitative characters are included here, namely, height and rosette width. Both characters were measured at the time of flowering and measurements were made in millimetres.
Since only five plants were sampled from each of the six populations, the experiment is rather smaller than is desirable. It was designed, however, for exploratory purposes. Furthermore, as will be seen, the magnitude of the differences is sufficiently large for many of the comparisons of interest to leave little doubt that these are genuine. Nevertheless, in view of the small sample size the results need to be interpreted with some caution.
MATERIALS AND METHODS
The details of the locations and origins of the populations are given in table I of the previous paper. Ten seeds were sown from each of the 30 plants sampled, five in each of two independently randomised blocks. The experiment thus consisted of 300 plants in all. (For further experimental details, see Jones, 1971.) 3. RESULTS
(i) Variation between populations
It is clear from the analyses of variance (table 1) that populations show considerable differences with respect to all three characters measured. Much of this variation, however, falls to a comparison between the two types of habitat. Thus, in comparison with populations from garden habitats those from railway tracks flower later, are taller and have larger rosettes at flowering time (table 2) . Indeed, in the case of rosette width, all the variation between populations falls to the comparison between habitat types (table 3). P<0.001; ** P = 001-0001; * P = 005-001. The populations from railway tracks are also homogeneous with respect to height, although there are clearly marked differences between these populations in their mean flowering times ( The populations also differ in their total phenotypic variance, which, as is the case with their respective character means, tends to be related to differences between habitats (table 4) . Thus, populations from garden habitats are clearly less variable than those from railway tracks. Also, the railway track populations, though homogeneous with respect to rosette width, differ considerably in the amount of variation they contain for flowering time and height, although it is possible that the differences with respect to height are solely due to the large differences in the mean expression of the populations, i.e. it is a scaling effect.
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(ii) Variation within populations
The populations differ not only in their character means, and the distribution of variation about these means, but also with respect to the distribution of variation within and between their families, i.e. the populations differ 1)2 in their structure (table 5) . Thus there are significant differences between families in populations I and 3 with respect to height, in populations 1, 4 and 6 with respect to rosette width and in populations 1, 2, 3, 4 and 6 with respect to flowering time. It is therefore clear that there is genetic variation with respect to one or more characters in all populations with the exception of population 5.
For any particular character, the absence of genetic variation in a population suggests fixation of the genes controlling that character, assuming, of course, that the apparent absence of variability is not simply due to an accident of sampling. If the cause is fixation, then, on the one extreme, the genes controlling height at flowering appear to be fixed in all but two of the populations, whilst the genes controlling flowering time appear to have become fixed in population 5 only. These differences between populations emerge particularly clearly when the components of the mean squares of the items in table 5 are considered together with the proportion of the variation which falls to a comparison between families, i.e. the intra-class correlation coefficient, l (table 6). For a given character there are clearly marked differences between populations in the proportion of the variation which falls to a comparison between families. For example, in the case of flowering time in populations 1 and 2, although the total variation displayed by these populations is similar, 97 and 41 per cent, of the variation respectively falls to a comparison between families. The difference between families is thus much greater in population 1 than 2. Putting this another way, the absolute value of a, in population 1 is much less than in population 2, which suggests that the individuals which comprise the families in these populations differ in their average heterozygosity.
Similarly, the individuals comprising the families in population 4 appear to be more heterozygous than those in population 3. This may reflect a difference in the breeding system, the individuals in populations 1 and 3 being relatively more inbred than those in populations 2 and 4. On this argument, however, a similar pattern should be found with respect to the other characters; with height, however, the reverse situation is found, for the absolute value of cr, in populations 1 and 3 is much greater than that in populations 2 and 4. It seems likely, therefore, that some other factor is operating to produce these differences between populations. The distribution of variation in population 3 with respect to flowering time, for example, suggests that selection may be an important factor determining the differences in structure between these populations. In this population, the families fall into two distinct groups, an early-flowering group (families 2 and 3), and a late-flowering group to which the non-flowering individuals are confined (families 1, 4 and 5) (table 3; see also Jones, 1971;  fig. 3 ). This strongly suggests that this population has a polymorphic structure of early-flowering individuals on the one hand and late-flowering individuals on the other. 
I, = intraclass correlation coefficient (in percentages).
Where the between family mean square is not significant (table 5) a has been taken to be zero.
In appropriate circumstances, and with the usual assumptions about the mode of inheritance, the intraclass correlation coefficient may be used to estimate the heritability of a character. Three pieces of information are required, however, before this can be attempted with the present data.
Firstly, it is necessary to obtain an estimate of the frequency of outcrossing which occurs in natural populations of this species and, although investigations designed to provide such information are at present under way, no information is yet available on this point. Secondly, assuming that some outcrossing does occur in populations of the species, it is essential to know whether the paternal parentage is single or multiple, i.e. whether the members of a family are full or half sibs. Thirdly, the members of a sibship will appear to be more closely related than would otherwise be the case if maternal effects are of importance in the determination of the character in question. In view of the evidence from studies on inbred lines (Mackay, 1967; Westerman, 1971) , it is likely that maternal effects are present in this material, although their effect relative to that of nuclear inheritance is not known. For these reasons, no attempt can be made to estimate heritabilities from the present data.
Discussior
Studies on wild populations of plant and animal species have repeatedly shown the presence of considerable amounts of genetic variation with respect to a wide range of characters (e.g. Dobzhansky, 1951; Ford, 1964) . The organisation of this variation can be considered at two levels, namely, that concerning differences between populations on the one hand, and within populations on the other. Differences observed between populations may of course be generally taken to reflect adaptation to diverse environmental conditions. Furthermore, if the populations come from distinct habitats, the distribution of variation can frequently be related to variation in some major environmental factor such as, for example, daylength (Cooper, 1950) , or soil-nutrients (Snaydon, 1 962a; Jam and Bradshaw, 1966) .
In the present experiment also, the major difference between populations appears to be closely related to their origins. Populations 5 and 6 were found in garden habitats in which it is likely that they are subject to a special type of selection by gardening activities. Such conditions will favour these genotypes with a short vegetative phase of growth and those which therefore flower uniformly early. The low average rosette width and height of these populations may also represent the adaptational diversion of energy from vegetative to reproductive growth. In contrast, the populations from railway tracks are later flowering and are taller with larger rosettes. Similar differences have been reported in other species which are found in both weed and non-weed habitats. For example, the weed form of Eupalorium microstamon flowers earlier than the non-weed form of this species (Baker, 1965) . Imam and Allard (1965) also found that the early flowering habit of some Californian Wild Oat populations is closely related to the practice of weed control.
Before turning to discuss the significance of differences observed between populations within habitats, and the differences in structure of individual populations, two points need to be raised concerning the validity of any further conclusions. Firstly, five plants only were sampled from each population and it is thus possible that the situation observed is due more to chance than to genuine differences between populations, or between families, as the case may be. Further evidence, however, some of which concerns the populations considered here and which will be presented in later papers in this series, leaves little doubt that much of the variation described here is in fact genuine. The second point concerns the relationship between the performance of material in a laboratory environment and its natural habitat. The results from other experiments, to be presented in later papers, show that much of the variation observed in material from natural populations grown in the laboratory is unlikely to be expressed under natural conditions because most genotypes from British populations will respond and, indeed, some require, a period of low temperature before they will flower. On the other hand, although most of the genetic variation with respect to flowering time may thereby be concealed in a natural population, such variation must be of significance, albeit in the pleiotropic determination of other characters not measured here.
The variation observed between populations within habitats presumably reflects adaptation to local conditions. The garden populations come from distinct geographical areas, one from Birmingham and the other from near London. It is not surprising, therefore, to find differences between these populations both in their mean flowering time and height.
Although the populations from disused railway tracks were all obtained locally they clearly differ with respect to their mean flowering times. This may reflect either the independent evolution of individual populations or, alternatively, clinal variation. For, although each of the sampling sites is separated by a distance of up to 10 miles, it is possible that they form part of the same general population.
An interpretation of the variability found within these populations is less easy than that of differences between them. On a simple view it might be expected that within a population natural selection would act in such a manner that individuals with the fittest genotype supplant all others in the population, thereby resulting in genetic identity for all the members of that population. However, it is clear from the present results and the results of investigations concerning other species (e.g. Lawrence, 1965 Lawrence, , 1969 Allard, Jam and Workman, 1968; Arthur, 1969; Hayward and Nsowah, 1969) , that this rarely appears to be the case in natural populations. The wide range of variation in populations has been explained in several ways; for example, seasonal fluctuations in selection values (Allard and Workman, 1963) or adaptation to heterogeneous environments (Snaydon, I 962b) .
Taking the present results at face value, it appears that the sites from which the material was sampled differ with respect to the number of niches in which the species can grow. For instance, the presence of much genetic variation in the garden population from Ruislip (population 6) suggests that this population is adapted to a more heterogeneous environment than the population from Cannon Hill (population 5). The wide range of variation observed in the populations from railway tracks appears to reflect adaptation to a highly heterogeneous environment. For example, the bimodal distribution of variation with respect to flowering time in the population from Luddington (Population 3) implies adaptation to at least two inches in the environment. In the remainder of these populations the distribution of variation is not so well defined and thus may well reflect adaptation to an even wider range of environmental conditions. 5. SUMMARY 1. The distribution of variation with respect to three quantitative characters has been examined in six natural populations of Arabidopsis thaliana from two contrasting habitats.
2. The major difference between the populations is closely related to a difference between habitats. Thus, populations from garden habitats are less variable, flower earlier, have smaller rosettes and are shorter than populations from disused railway tracks.
3. With the exception of one of the garden populations, all populations show genetic variation with respect to one or more character. The proportion of the variation which falls to comparisons between families, however, varies considerably from one population to another, which suggests that the structure of populations of this species is capable of considerable modification by natural selection acting in a heterogeneous environment.
